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US LHC Accelerator Research Program
FY 2005 Task Sheet

Task Name: IR Design and Beam Beam Calculations Date: 30 June 2004
Responsible Person(s): T. Sen (FNAL)

FYO05 Milestones

1) Aug 04. Participate in beam studies of wire-based BBC at SPS

2) Feb 05. Report on BEAMBEAM3D strong-strong simulations (sweeping beam, emittance
growth rates)

3) Apr 05. Report on dipole & quad first layouts (field quality, beta star limits, energy
deposition)

4) Aug 05. Report on impact of beam-beam on IR design (quad/dipole first, performance limits,
BBC)

Budget (specified for each lab): FNAL $230k

BNL $ 40k
LBNL $ 40k
Total  $310k
Topic Institution FYO5 FTE  Participants
IR optics design FNAL 0.5 T. Sen, M. Syphers, Post-doc 1
IR optics design BNL 0.2 S. Tepikian
Energy Deposition FNAL 0.4 N. Mokhov, Post-doc 2
IR design related B-B FNAL 0.3 T. Sen, Post-doc 1
Strong-strong simulations  LBNL 0.2 J. Qiang

Statement of work for FY2005 (include description of year’s “deliverable” and one or a few
intermediate milestones):

IR Optics and Energy Deposition

We will examine basic versions of the quadrupole first and dipole first layouts for the IR
upgrade. The aim will be to develop self-consistent matched designs that meet the known
constraints, e.g. from injection optics. We will not attempt to develop fully optimized designs.
The designs will be used for a first evaluation of:

e Requirements on field quality in the IR magnets
e Limits on g* from optics
e Energy deposition and radiation environment in the interaction region in both designs.

Also further development of energy deposition calculations with heavy-ion operations.
Beam-Beam Calculations

The beam-beam effort splits naturally into two distinct groups: (1) IR design related (mostly at
FNAL), (2) Strong-strong simulations (at LBNL)




IR design related beam-beam deliverables

We will examine the impact of beam-beam interactions on the IR designs. The aims will be to (a)

determine if these constraints strongly favor one design and (b) determine limits on optics

parameters such as the crossing angle from £*, bunch intensities, number of bunches etc. These

limits will be used as inputs to the IR designs. Other activities will include:

e Participation in the machine study of wire-based compensation at the SPS and subsequent
analysis of the data

e Theoretical evaluation of wire compensation with the quadrupole design

Strong-strong simulation deliverables

e Use the strong-strong code BEAMBEAMS3D to simulate LBNL's "sweeping-beam™ LHC
luminometer. The aim will be to establish the optimum signal to noise ratio (or effiency vs.
integration time).

e Simulate long-time emittance growth for strong-strong collisions. As byproducts, determine
the following: (a) Disentangle numerical from physical emittance growth, (b) Quantify halo
formation due to beam-beam, (c) Working point dependence of emittance growth.

Statement of expected follow-on work in subsequent years (include “ultimate” goal and time
scale for this sub-program, as well as plans for specific work and rough budget need for next 2
years):

FY06 budget (IR): Interaction regions

FNAL $180k

BNL $ 60k

Beam-Beam

FNAL $ 60k

BNL $ 60k

Total  $360k
Topic Institution FY06 FTE  Participants
IR optics design FNAL 0.5 T. Sen, M. Syphers, Post-doc 1
IR optics design BNL 0.3 S. Tepikian
Energy Deposition FNAL 0.4 N. Mokhov, Post-doc 2
IR design related BB FNAL 0.3 T. Sen, Post-doc 1
Strong-strong simulations  BNL 0.3 J. Qiang

IR Optics and Energy Deposition

We envision working closely with the magnet designers on the impact of field quality
requirements and energy deposition calculations developed in FY05 for both quadrupole and
dipole first designs. We will iterate on the designs as part of this collaborative effort. Other
aspects of the design studies will include:

e Development of nonlinear correction schemes for both designs
e Designs with large crossing angles if superbunches are under consideration for the LHC
upgrade
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Energy deposition and design of magnet protection systems with the different IR optics
designs.

Studies of near-beam experiments and their interference with the IR systems: TOTEM and
Zero-degree calorimeters.

IR design related beam-beam deliverables

Detailed simulations of wire-based compensation with realistic values of magnet parameters
in the quadrupole first design
Beam-beam constraints on alternative IR designs, including those with superbunches.

Strong-strong simulation deliverables

Extended long-time emittance growth including e_ects from crossing angles, parasitic
collisions, bunch length, intensity and closed-orbit variation bunch by bunch

Benchmark BEAMBEAM3D against CERN's fast-multipole code
Effect of parasitic collisions on long-time emittance growth and halos



